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Abstract:  
 
This paper asks the question to what scale and speed does society need to reduce its 
ecological footprint and improve resource productivity to prevent further overshoot and return 
within the ecological limits of the earth’s ecological life support systems? How fast do these 
changes need to be achieved? The paper shows that now a large range of studies find that 
engineering sustainable solutions need to be roughly an order or magnitude resource 
productivity improvement (sometimes called a Factor of 10, or a 90% reduction) by 2050 to 
achieve real and lasting ecological sustainability. This marks a significant challenge for 
engineers – indeed all designers and architects, where best practice in engineering 
sustainable solutions will need to achieve large resource productivity targets.  
 
The paper brings together examples of best practice in achieving these large targets from 
around the world. The paper also highlights key resources and texts for engineers who wish 
to learn how to do it. But engineers need to be realistic and patient. Significant barriers exist 
to achieving Factor 4-10 such as the fact that infrastructure and technology rollover and 
replacement is often slow. This slow rollover of the built environment and technology is the 
context within which most engineers work, making the goal of achieving Factor 10 all the 
more challenging. However, the paper demonstrates that by using best practice in 
engineering sustainable solutions and by addressing the necessary market, information and 
institutional failures it is possible to achieve Factor 10 over the next 50 years.  
 
This paper draws on recent publications by The Natural Edge Project (TNEP) and partners, 
including Hargroves, K. Smith, M. (Eds) (2005) The Natural Advantage of Nations: Business 
Opportunities, Innovation and Governance for the 21st Century, and the TNEP Engineering 
Sustainable Solutions Program - Critical Literacies for Engineers Portfolio. Both projects have 
the significant support of Engineers Australia. its College of Environmental Engineers and the 
Society of Sustainability and Environmental Engineering.  
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1.  Introduction 
 
In late march 2005, the United Nation’s (UN) Millennium Ecosystem Assessment, conducted 
by 1360 experts in 95 nations, released their report. It stated that approximately 60 percent of 
the ecosystem services that support life on Earth are being degraded or used unsustainably. 
The UN Millennium Assessment Report builds on from the work of The International Panel on 
Climate Change (IPCC), comprising over 3000 atmospheric scientists and modellers. In fact, 
many of the scientists and global modellers involved with the Millennium Assessment had 
also worked previously on the IPCC reports, which warned that deep cuts to greenhouse gas 
emissions will be needed to avoid dangerous climate change.  
 
In Australia, both Dr David Kemp and Alexander Downer have stated publicly that 60% 
reductions in greenhouse emissions will be required this century. Robin Batterham, 
Australia’s Chief Scientist, has stated that Australia needs 50% reductions in greenhouse gas 
emissions by 2050 and 80% greenhouse gas reductions by the end of the century.  
 
In 2002 the US National Academies of Science not only endorsed the IPCC’s conclusions but 
also produced a new report entitled “Abrupt Climate Change: Inevitable Surprises”, which 
argued that global warming may trigger large, abrupt and unwelcome regional and global 
climatic events.’1 Coupled with this, global inequality continues to rise. According to the 1997 
UNDP Human Development report, in 1960 the share of global income enjoyed by the 
wealthiest 20% of the world’s people was thirty times larger than the amount shared by the 
lowest 20%. It reached sixty one to one by 1991 and seventyeight to one in 1994. In the 
regions where most people live, increases in environmental impact and trends in resource 
wastage are not ecologically or socially sustainable, and yet the commitment to even greater 
development and economic growth to reduce poverty understandably is very strong if not 
stronger than ever before in most of these places.  
 
The call for sustainable development has come as an attempt to resolve this tension. Globally 
we need a new paradigm that both provides solutions for the environmental crisis whilst 
ensuring improved quality of life for all, especially raisingliving standards for the poor. In 1987, 
The Brundtland report “Our Common Future” outlined in detail ways to achieve this. The UN 
World Commission on Environment and Development (the Brundtland Commission) in 1987 
called for the introduction of “sustainable development”. This marked a significant and 
important shift in understanding that a new way forward was needed and possible that 
improves the well being of this generation whilst ensuring the non-declining well being of 
future generations2. Almost 20 years on, it is being increasingly understood by all parts of 
society from all parts of the globe, that achieving sustainable development must be an urgent 
priority.  
2.  The Question: What is the Scale and Speed of Change Needed? 
 
Numerous studies are finding that to achieve a sustainable future we will need to reduce our 
negative impacts on the environment by roughly an order of magnitude.  
 
 
 
 
 
 
 
 
 
 
 
 
 
This has been given names such as "reducing our negative impact on the environment" by a 
Factor of 4 (a 75% reduction in resource intensity) or a Factor of 10 (a 90% reduction in 
resource intensity).  In short we need to "do more, with less for longer". Evidence such as that 
                                                 
1 National Academies of Science, Abrupt Climate Change:inevitable surprises Committee on Abrupt 
Climate Change, National Research Council, National Academy Press, Washington DC 2002 
2 Nobel Laureates in Economics such as Solow and Stiglitz have been amongst the eminent economists 
arguing for sustainable development to become a mainstream concern of all economists. Both define 
sustainable development as development that seeks to improve well being whilst ensuring non-
declining well being for future generations. 
‘Scaling-up’ current Western patterns of development and consumption as the basis of development 
for, say, China or India – adding another two billion ‘Western style’ consumers – is simply not a 
realistic option unless the risk of catastrophic collapse of the global ecosystem is considered 
acceptable. If China were to match the USA for levels of car ownership and oil consumption per 
person it would mean producing approximately 850 million more cars and more than doubling the 
world output of oil. Those additional cars would produce more CO2 per annum than the whole of the 
rest of the world's transportation systems. 
If China were to consume seafood at the per capita rate of Japan, it would need 100 million tonnes, 
more than today's total catch. If China's beef consumption was to match the USA's per capita 
consumption and if that beef was produced mainly in feedlot, this would take grain equivalent to the 
entire US harvest. 
Extract ‘Sustainable Consumption – A UNEP Global Status Report’ Sept. 2002 
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from the Netherlands Government program “The Sustainable Technology Development 
Project” demonstrates this. The Netherlands program is one of the first to both work out the 
scale and speed of change required to achieve nationwide ecological and social sustainable 
development over the next 50 years, and to then also systematically work out how to do it.   
 
 
 
 
 
 
 
Paul Ekin in his work calculates a similar figure3. Austria, Sweden, and OECD environment 
Ministers have urged the adoption of Factor 10 goals, as have the World Business Council for 
Sustainable Development (WBCSD) and the United Nations Environment Program (UNEP). 
These large targets are seen as necessary to ensure that ecosystems do not collapse. 
Already there are numerous examples of environmental surprise across the planet where 
ecosystems are genuinely collapsing such as fisheries, the bleaching of the world’s coral 
reefs, and forests to name a few4. The concept of Factor 10 is not only common parlance for 
most environmental Ministers in the world, but leading corporations such as Dow Europe and 
Mitsubishi Electric see it as a powerful strategy to gain a competitive advantage.  
3.  The Context: Understanding the Challenge 
 
Perhaps the greatest challenge for engineering sustainable solutions to achieve Factor 10 
and deep cuts in greenhouse emissions arises from the fact that existing infrastructure, 
industrial plants and technologies takes decades to roll over. Over 50% of greenhouse 
emissions originate from the built environment, with emissions in Australia currently growing 
the fastest in the building and transport sectors.  The built environment does not change 
overnight. We should not underestimate the challenge here in trying to achieve sustainable 
infrastructure and built environment. Describing these challenges, Cheryl Paten et al showed 
in Chapter 18 Greening the Built Environment of The Natural Advantage of Nations 
(Hargroves & Smith, 2005) that the current barriers are multi-faceted, subtle but overall 
significant. The numerous range of planning authorities and government departments at State 
and Federal level responsible for infrastructure alone mean that there are over 10 government 
departments involved with infrastructure issues. This creates significant barriers to 
engineering sustainable solutions on a large scale. Hence if nations are to truly engineer 
sustainable solutions, sustainability needs to become a major target and goal at all levels of 
government.  
 
Fortunately thanks to the leadership of people like Premier Geoff Gallop and Professor Peter 
Newman we are starting to see this happen in state governments like Western Australia 
(WA). Peter Newman describes these changes in Chapter 14 of the same publication, The 
Natural Advantage of Nations. But we also should not underestimate the barriers for the 
uptake of new sustainable technologies. CSIRO’s Dr Barney Foran has argued in the 
Business Council of Australia’s recent publication Aspire 2025 that “Technological progress at 
a national level is constrained by two institutional issues. Lack of whole system understanding 
is the first. While we are literate, numerate and integrative in an economic sense, we are less 
so in a technological sense. Secondly, we do not understand that technological inertias give 
long lead times for a better technology to replace a lesser one”5.  
 
To address these inertia’s there is a need for government leadership both to provide greater 
education in how to tackle issues from a systems perspective and also to lead by providing 
appropriate market signals. Once one appreciates the lack of whole system knowledge and 
the great inertia for major infrastructure roll over and for the uptake of new sustainable 
technologies, this then highlights the need for government incentives/market signals and 
leadership to promote and underpin the most efficient transition to sustainability. 
 
Australia now has a ‘once in a generation opportunity’ to engineer sustainable solutions, in 
that most of Australia’s infrastructure either needs maintenance, retrofitting or will roll over in 
                                                 
3 Ekins,P (2002) Economic Growth and Environmental Sustainability:The Prospects of Green Growth. 
Routledge Publishing 
4 Bright, C. (2000) State of the World Report, Anticipating Environmental Surprise, Worldwatch 
Institute, Washington, DC 
5 Foran,B. (2004) Aspire 2025, Business Council of Australia, p60.  
(http://www.bca.com.au/upload/Aspire_Australia_2025_text_only.pdf) 
‘In setting a time-horizon of 50 years – two generations into the future – it was found that 
ten to twenty-fold eco-efficiency improvements will be needed to achieve meaningful 
reductions in environmental stress. It was also found that the benefits of incremental 
technological development could not provide such improvements’ 
 Leo Jensen, Chairman, Dutch Inter-ministerial 
Sustainable Technology Development Program 2000 
Page 4 of 11 
the next 30-40 years. Leadership from engineers, other professional bodies, research groups, 
non-government organisations, business and government will be vital if Australia is to seize 
this opportunity over the coming decades. This is because the most efficient way to engineer 
sustainable solutions is to provide real incentives for the uptake of sustainable technologies 
and design for sustainability approaches.  
 
Achieving sustainability is a process. It cannot be achieved overnight. As Adjunct Professor 
Alan Pears from the Royal Melbourne Institute of Technology writes. “(Greenhouse Gas) 
Emission reduction sounds like a daunting prospect, and many people imagine that we will 
have to freeze in the dark, shut down industry, and face misery. But remember, we don't have 
to slash greenhouse gas emissions in a couple of years - we are expected to phase in 
savings over decades. This allows us to take advantage of the fact that most energy 
producing or using equipment, from fridges and computers to cars and power stations has to 
be replaced every 5 to 30 years. So we can minimise costs by making sure that, when old 
equipment is replaced, low greenhouse-impact alternatives are installed. For example, by 
2020, most of Australia's dirty coal-fired power stations will be more than 30 years old - and 
they will have to be re-built or replaced: renewable energy, cogeneration and high efficiency 
energy supply technologies (such as fuel cells) could replace them. Similarly, most household 
appliances are replaced every 15 years: in 2005, you will be able to choose a super-efficient 
fridge that generates a third as much greenhouse gas as today's 5 star fridge."6  
4.  Can We Engineer Sustainable Solutions Fast Enough to Achieve Real 
Sustainability? 
 
It is possible to engineer sustainable solutions fast enough on a global scale, if engineers 
around the world realise that a Factor 4-10 type shift is needed - and fast. When new 
buildings are constructed, we need to always be mindful of the 40 – 50 year design life. When 
Australian car manufacturers retrofit plants, we should be aware that new cars bought from 
the plant will be in service for up to 20 years. Therefore, wherever possible, all should be 
designed to achieve Factor 4-10 outcomes. Large national infrastructure projects should 
focus on realising the stronger public commitments of governments, such as in Western 
Australia to achieve Factor 4 by 2020. The good news is that research shows that across 
most sectors such large resource productivity gains can be achieved7.  
 
Leading edge strategists are finding that when they use ‘whole system design’8 engineering 
they can achieve massive resource productivity savings in new products and the operations 
of buildings and infrastructure (70% and higher).  In addition, large resource savings are often 
cheaper to accomplish than incremental savings because they can leapfrog the declining 
returns of old technology or designs and move to next-generation methods.  
 
In previous publications such as “Factor 4:Doubling your Wealth and Halving your Resource 
Usage”, “Natural Capitalism: The Next Industrial Revolution” and now The Natural Advantage 
of Nations: Business Opportunities, Innovation and Governance for the 21st Century 
(www.thenaturaladvantage.info), groups are consistently demonstrating that large radical 
resource productivity gains can cost less than smaller resource productivity gains. The case 
study folders published on  Australian Conservation Foundation’s website “The Natural 
Advantage: Blueprint For A Sustainable Australia” website9 also feature numerous Australian 
case studies of Factor 4 or more.  
 
Some of these approaches and the possible gains are highlighted in Table 1 below. This table 
is sourced from Chapter 16 of The Natural Advantage of Nations and was also re-done with 
new case studies and references for the “Engineering Sustainable Solutions Program: Critical 
Literacies for Engineers Program” of which a separate paper is being presented by Cheryl 
Paten on this topic at this conference. While Table 1 provides just a sample of the full tables 
in these two publications, it provides a taste of some of the cost effective opportunities to 
achieve deep cuts to greenhouse gas emissions over the coming decades. These solutions 
                                                 
6  Pears,A. (1997) Forward Thinking ABC Science Lab online 
(www.abc.net.au/science/earth/climate/forward/forward.htm#home) 
7 Hargroves, C, Smith, M. (2005) The Natural Advantage of Nations: Business Opportunities, 
Innovation and Governance in the 21st Century, Earthscan. 
8 Hawken, P. Lovins, A.B. Lovins, L.H. (1999) Natural Capitalism: Creating the Next Industrial 
Revolution (Earthscan, London) Chapter 6: Tunnelling Through the Cost Barrier 
9 Australian Conservation Foundation’s “The Natural Advantage: Blueprint For A Sustainable 
Australia” website (www.acfonline.org.au) 
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are also highly relevant to help with other issues such as the fact that Australia will run out of 
domestic oil within 30-40 years10. 
 
Table 1 A Taste of Engineering Sustainable Solutions to reduce Greenhouse Gas 
Emissions11  
Some of the profitable deep cut options to reduce greenhouse gas 
(GHG) emissions 
Average GHG 
reductions 
Whole 
System 
Design 
Big energy and resource savings often cost less than small 
savings. Sound impossible? In fact, engineers are showing 
time and again that through good engineering resource 
efficiency up to an order of magnitude is possible, often for 
less cost than incremental improvements, through whole 
system design.12  
Up to 90% 
Hybrid Cars 
and Trucks 
In the USA, Europe and Japan hybrid cars cost only 
marginally more than the standard models, use ~50% less 
fuel and are selling well. 
At least 50% 
Electric 
Motors 
The Australian Greenhouse Office has created the Motor 
Solutions online resource. They write that ‘selecting the 
right motor results in large and cost effective savings and 
how whole of system design and management can achieve 
even greater savings.’ The use of variable speed drive 
(VSD) (up to 50%),13 high efficiency motors (28-50%)14 and 
improved system management (48-55% for pumping 
systems,15 and 30-57% for ventilation systems) are 
expected to deliver an average increase in electric motor 
system efficiency of 85% by 2050.16 
Up to ~60%  
Buildings The energy efficiency of the structure of the commercial 
building (excluding equipment) can be improved by, on 
average, 45% through improvements in design and 
construction.17 The Thurgoona campus of Charles Sturt 
University (Albury, Australia) consumes less than half the 
energy of the comparable building it replaced.18  
45% on 
average. 
Lighting Using efficient compact fluorescent lights and installing 70% using a 
                                                 
10 B. Foran and F. Poldy, ‘Modelling physical realities: Designing and testing future options to 2050 and beyond’, 
in.  J. Venning and J. Higgins, Eds, Towards Sustainability: Emerging Systems for Informing Sustainable 
Development, University of New South Wales Press, 2001. These issues are discussed in ibid., pp. 119 – 122, 170 
– 173 and 235 – 236. In addition other work is exploring the transition to a methanol- from- wood transport fuels 
system under a research contract from Land and Water Australia.  Early analyses have been published as B. Foran 
and D. Crane, ‘Testing the feasibility of biomass based transport fuels and electricity generation in Australia’, 
Australian Journal of Environmental Management, vol. 9 no. 2, June 2002, pp. 44 – 55. “We assume that oil 
imports are available in the medium term to 2020 if only to avoid contradicting the commonly accepted policy 
adage that ‘as oil prices rise, then more oil resources will be found’. Beyond 2020 this assumption becomes 
somewhat heroic. Australia needs to actively consider a number of transitional possibilities for its transport fuels 
and its transport technologies. The simulations (In the Future Dilemma study) show that local production from 
domestic oil stocks could be approaching a plateau and could start to decline past 2015 By 2050 the trade deficit 
could be 60 million tonnes or A$ 20 billion.”.( http://www.manningclark.org.au/papers/rock.htm) 
 
11 A full version of this table is in Hargroves, C and Smith, M (2005) The Natural Advantage of 
Nations:Business Opportunities, Innovation and Governance for the 21st Century 2005 (Earthscan).  A 
detailed overview of deep cut strategies for greenhouse emissions are covered in Denniss, R 
Diesendorf, M. Saddler, H (2004) A Clean Energy Future for Australia, a report by the Clean Energy 
Group of Australia. 
12 Ernst von Weizsäcker, Amory Lovins, and Hunter Lovins Factor Four: Doubling Wealth, Halving Resource 
Use.  Hawken, P, Lovins, A and Lovins, H (2000) Natural Capitalism, Creating the Next Industrial Revolution, 
Earthscan, London, Chapter 6: Tunneling Through the Cost Barrier.  
13 Hamilton, C,Turton, H,Saddler,H, Jinlong,M, “Long Term Greenhouse Gas Scenarios: A Pilot study 
of Australian can achieve deep cuts in emissions.”  47, Discussion Paper #48, 2002 
14 CADDET 1995, Saving Energy with Electric Motor and Drive, CADDET Energy Efficiency.  
15 Benders,R. and Biesiot,W. 1996. Electricity Conservation in OECD Europe, in Proceedings of 
International Conference on Energy Technologies to Reduce CO2 
16 Hamilton, C,Turton, H,Saddler,H, Jinlong,M, “Long Term Greenhouse Gas Scenarios: A Pilot study 
of Australian can achieve deep cuts in emissions.”  47, Discussion Paper #48, 2002  
17 Tuluca,A. Energy Efficiency Design and Construction for Commercial Buildings, MaGraw-Hill, 
New York. 1997, USA Department of Energy, Annual Energy Outlook 2002, Washington D.C 
18 CSIRO Built Environment 2000, Green Campus design savings 60% on energy, Innovation Online, 
Number 13 June.  
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Some of the profitable deep cut options to reduce greenhouse gas 
(GHG) emissions 
Average GHG 
reductions 
Systems movement sensors can improve the energy efficiency of 
lighting.19 According to the Lighting Council of Australia, ‘In 
1999, Australia spent approximately AU$5 billion on 
lighting. Well-designed, energy-efficient lighting and lighting 
controls can slash AU$1.25 billion a year off this bill’.  
range of 
measures.20 
Residential 
Sector 
Shift to a 5 star rating system for new homes delivers, on 
average, a 55% improvement21  (from the current average 
in Australia of 1.5 stars). In the case of Victoria, Australia, 
wall insulation is mandatory yielding projected savings of 
45% for new homes (from the average of 2.2 stars in those 
states).22 Installing energy efficient equipment in the house 
will further reduce energy usage. 
55%based on 
uptake of 
moderate 
performance 
improvements. 
Improving Conversion Efficiency 
Co-
generation 
The Australian Department of Industry Tourism and 
Resources states that, ‘Cogeneration, the simultaneous 
production of electricity and useable heat energy, is a 
technology which can deliver high thermal efficiencies - an 
ideal economic and environmental outcome.’ Co-generation 
(coal and gas), that produces power and heat, has been 
shown by the World Energy Council to achieve an energy 
efficiency of 70-85%.23 
70-85% 
Fuel Cells High Temperature Solid Oxide cells developed by CSIRO 
convert natural gas or methane to usable heat and energy 
with 80% conversion efficiency, double that of present 
power generating systems. 
50% 
Pulsed 
Combustion 
CSIRO’s combustion team have developed the 
revolutionary pulsed combustion technologies that promise 
to double thermal energy conversion rates for numerous 
domestic, industrial and commercial processes24. 
Up to 70% 
De-carbonization of Materials 
Mineral 
Products 
** Investigating ways to re-use, recycle slag and other 
waste streams in construction materials 
** Cement and Lime Production. In Australia, the mineral 
products industries directly account for over 5 Mt of CO2, 
1.2% of the national total. CSIRO is pursuing a number of 
strategies to reduce these emissions: 
** Indirect fired rotary kiln technology (able to achieve 
considerable energy savings),  
** Accelerated microwave curing of concrete and ceramic 
products (saving energy and also estimated to reduce CO2 
emissions by 40%, at lower costs), and  
** Development of new binders capable of reabsorbing up 
to 80% of the CO2 released in calcination. 
Up to 50% 
Eco-Cements The making of cement is responsible for ~6% of global 
greenhouse gas emissions. The World Business Council 
has a cement sustainability initiative. Magnesium Cement: 
The new recyclable, low cost eco-cement is the first building 
material providing high thermal mass with a very low 
embodied energy. It can incorporate high proportions of 
waste and sets by absorbing carbon dioxide in porous or 
semi porous materials such as bricks, blocks, pavers and 
mortars and with organically derived fibre reinforcing, 
40-50% 
                                                 
19 Sathaye,J. Moyers.S,1995 Greenhouse Gas Mitigation Assessment: A Guidebook, Kluwer Academic 
Publishers.  
20 Watts, R.G.1997, Engineering Response to Global Climate Change, Lewis Publishers, New York.  
21 USA Department of Energy, 2002, Annual Energy Outlook 2002, Washington D.C 
22 AGO 2000, Impact of Minimum Energy Performance Requirements for Class I Buildings in 
Victoria, Australian Greenhouse Office, Canberra.  
23 WEC 1998, Industry’s Technical Initiatives towards Climate Change Mitigation, World Energy 
Council, London.     OITI 1999, Review of Combined Heat and Power Technologies, Office of 
Industrial Technologies, US Department     of Energy.   
24 McAlpine,G. Mitchell,C. CSIRO Solutions for Greenhouse: Based on an overview prepared for the 
Australian Greenhouse Office (AGO) June 1999 
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Some of the profitable deep cut options to reduce greenhouse gas 
(GHG) emissions 
Average GHG 
reductions 
thereby becoming a net carbon sink. Teseco in Tasmania 
are selling magnesium cement and bricks in Australia 
presently.  
Straw bale Straw is produced in such quantities that they and rice 
wastes are burnt in states like California causing 
greenhouse emissions. Instead straw bales could be used 
in construction. New Information on this has been published 
by CSIRO as part of CSIRO’s Building Technology Files 
(BTFs). CSIRO has recently conducted the most important 
tests to date that ‘legitimise’ straw bale as a mainstream 
building material including fire tests. The testing has proved 
that used in wall construction, rendered straw bales are 
suitable for use in bushfire-prone areas. They are non-
combustible to the stringent tests that were carried out by 
the CSIRO. Rendered straw bale walls now stand together 
with mud brick and rammed earth as the lowest embodied-
energy building materials available. 
Up to 70% 
 
Note: For an extensive overview of this international work on “Deep Cuts to Greenhouse Emissions” see 
Chapter 13 Denniss, R Diesendorf, M. Saddler, H A Clean Energy Future for Australia, a report by the 
Clean Energy Group of Australia. 
 
Steadily improving technologies and whole system design approaches are already 
significantly reducing the cost of large and small scale resource productivity gains, 
dematerialisation, pollution prevention and the uptake of recycling and renewable energy 
supplies. These principles of engineering of sustainable design, whole system design, and 
systems thinking need to be at the heart of decision making and planning especially for major 
infrastructure projects that will have often over 100 year design lives. The size and duration of 
infrastructure developments demand that they should now be much more critically thought 
through for efficiency and function than ever before.   
 
Senator Robert Hill sums up well the potential for lost opportunities, if sustainable 
development is not brought into the centre of all engineering and architectural design, when 
talking about the new Parliament House. Senator Hill said, “Across Lake Burley Griffin is one 
of Australia's most famous houses - Parliament House. Built at considerable cost to the 
Australian taxpayer, it was officially opened in 1988. Since 1989, efforts have been made to 
reduce energy consumption in Parliament House, resulting in a 41 per cent reduction in 
energy use with the flow-on effect of reducing greenhouse gas emissions by more than 
20,000 tonnes annually. This has also brought about a saving of more than $2 million a year 
in running costs. But the new wave of environmental thinking would have us question why 
these measures weren't incorporated in the design of the building in the first place and what 
other opportunities for energy saving design features were missed? It's a simple example of 
how the environment is still considered an add-on option as opposed to being central to the 
way we do business."25  
 
5.  Case Study:  The Netherlands STD Program  
One of the best examples of engineering sustainable solutions is The Netherlands 
Sustainable Technology Development (STD) Program. So impressed were the authors of this 
paper by the project, that we invited Paul Weaver to write a whole chapter on it in The Natural 
Advantage of Nations. The Netherlands program is one of the first national programs 
involving over 500 organisations to work out how to engineer sustainable solutions to truly 
achieve ecological and social sustainability by 2050. They have shown that it is possible to 
decouple economic growth and environmental damage by as much as 75-95% (a Factor of 4-
20) over a 50 year period in many critical sectors of the economy. The results of the 
Netherlands Sustainable Technology Development project26 are remarkable. Phillip Sutton, 
mentor of The Natural Edge Project, President of the Sustainable Living Foundation and Past 
                                                 
25 An address to The International Society of Ecological Economists by the Federal Minister for the 
Environment and Heritage Senator the Hon Robert Hill Australian National University Canberra July 
6, 2000 (www.deh.gov.au/minister/env/2000/sp6jul00.html) 
26 Weaver, P., Jansen, L., Van Grootveld, G., Van Spiegel, E., and Vergragt, P. (2000) Sustainable 
Technology Development, Sheffield, UK: Greenleaf Publishing. http://www.greenleaf-
publishing.com/catalogue/std.htm 
Page 8 of 11 
President of the Australian New Zealand Ecological Economics Society writes the following 
on the importance of The STD Program and the book published on it.27  
 
“Three years ago when the book Sustainable Technology Development first came out I 
thought it was one of the most important works to come out on the environmental 
sustainability debate. I bought 10 copies of the book in the hope of increasing the chance of it 
being read in Australia. Now, three years later, I've just reread the book from cover to cover 
and I still think it's one of the most significant books in the last 10 years. Why is the book so 
significant? It uses a very powerful methodology for generating innovations that are driven by 
the need to actually achieve ecological sustainability. It starts with a 'no-flinching' analysis of 
just how big a change would be needed to achieve ecological sustainability. This was 
assessed for a range of issues and the result in all cases is that the changes need to be very 
big (ranging for Factor 20 - Factor 50 improvements).  
 
We really should know this in our guts, but it's very rare for government-sponsored projects to 
face this reality. Rather than giving up at the point where they discovered that nothing less 
than wholesale technology reinvention was going to work, the project went on to figure out 
how the necessary efficiency gains could be accomplished. As case studies, the project 
looked at issues of nutrition (food supply), water management, chemicals supply and 
alternative engine/fuel systems for cars. The methodology also dealt with how to create the 
commitment and momentum to ensure that innovation programs were followed through to 
results. The STD program was a key influence leading to the development of the Dutch 4th 
National Environment Plan that looks specifically at system change to achieve ecological 
sustainability.”  
 
This is just the start. As The Natural Advantage of Nations shows even greater possibilities 
come through designing and working with nature. Biomimicry and green chemistry offer new 
insights to re-design the industrial complex at its most fundamental level. Hunter Lovins on 
her recent Australian tour with TNEP talked at length about the exciting possibilities for 
engineers in the 21st century from learning from nature. This is becoming increasingly 
understood.”   
 
 
 
 
 
  
 
 
 
 
6.  Case Study: The Barefoot Engineering College, India  
Another area of great importance for engineering sustainable solutions is the significant role 
that engineering can play to reduce poverty and improve basic standards of living. TNEP has 
assigned a module of six units in the first level of the Critical Literacies for Engineers 
Program, on engineering for poverty eradication. Of all the work going on in this area around 
the world and the important work engineers are currently doing to respond to the affected 
regions of the recent Asian Tsunami disaster, one case study stands out and is described 
below28. The implications of its success are great - it addresses fundamental issues and 
problems that are endemic in the developing world. It also is another example of where Factor 
10 technologies can make a huge difference in helping people in developing countries 
improve their standard of living by technologically leapfroging the west.  
At the Barefoot Engineering College they have trained illiterate rural woman to make circuits 
for solar lighting and also how to install and maintain hand pumps, water tanks, solar cooking 
heaters and pipelines. Take Gulab Devi, 45, a quintessential rural woman from Rajasthan. 
Completely illiterate and amother of four, she is now a successful pioneer in the Barefoot 
Solar Engineering Project which is bringing solar power and women's liberation to hundred of 
villages across India. Gulab provides the sole income for her four children and her ailing 
husband who hasn't had a job in the 24 years of their marriage. Not only is she running her 
household comfortably with her salary from this work, she is also now one of the most 
respected members of her community. Just one of the Barefoot Engineering products, 
building solar lanterns, has transformed her community’s life. Traditionally only the boys were 
                                                 
27 Online Companion of The Natural Advantage of Nations-Section 3 (www.thenaturaladvantage.info) 
 
28 Information at the Barefoot Engineering College can be found at www.barefootcollege.org  
This concept of sustainability is best illustrated by natural ecosystems, which consist of nearly closed loops that 
change slowly. For example, in the food cycle of plants and animals, plants grow in the presence of sunlight, 
moisture and nutrients and are then consumed by insects and herbivores, which, in turn, are eaten by 
successively larger animals. The resulting natural waste products replenish the nutrients, which allows plants to 
grow and the cycle to begin again. If humans are to achieve truly sustainable development, we will have to adopt 
patterns that reflect these natural processes. The role of engineers and scientists in sustainable development 
can be illustrated by a closed-loop human ecosystem that mimics natural systems. 
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able to get an education, with the young girls needing to work in the fields during the day for 
their families to survive. Now thanks to solar lanterns the communities are now able to run a 
school in the evening after dark so the young girls can learn to read and write after their work 
during the day.  
All around the developing world this problem of young woman not getting a chance for an 
education exists hence this simple practical solution has great significance. Finally still more 
profound changes in the community have evolved. The Solar Barefoot female engineers, who 
previously would have been seen as illiterate poverty stricken woman, are now so respected 
by the communities in North West India that they are being asked to represent the region in 
government. Maurice Dewulf, Deputy Senior Resident Representative, United Nations 
Development Programme (UNDP) says, "The project has demonstrated how solar energy 
provides a solution not just for cooking and lighting but also for education, agriculture, health, 
and income-generation. The Ministry of Non-Conventional Energy Sources, the European 
Commission and the UNDP support the Barefoot Solar Engineering programme.  Barefoot 
Engineering's project partners are encouraged by the response to the programme, which has 
received the Stockholm Challenge Award for Environment, in 2002.  "The project has 
empowered women. Illiterate and semi-literate women are operating and repairing energy 
systems. It has also freed them from the drudgery of searching for fuel-wood and reduced the 
health hazards of burning wood-fires," says Maurice Dewulf. 
How does Factor 10 relate to this? It is now possible with light emitting diodes to make 
lighting that is 10 times more efficient again from compact fluorescents. The non-government 
organization  Lighting up the World in the USA already has shipped 20,000 of them to the 
developing world. The surface area of solar panel and the amount of energy needed to run 
these lights made from light emitting diodes is proportionally reduced . This offers a great 
engineering sustainable solution to the world that even the Bush Administration is excited 
about. The US Department of Energy realises that 20% of the US electricity production is 
used for lighting. The USA government is investing in R&D so that this new technology could 
perhaps save as much as 90% of the US lighting energy usage within 20-30 years. These are 
just some of the exciting solutions that TNEP is integrating into the 1st and 2nd level of the 
“Engineering Sustainable Solutions Program: Critical Literacies for Engineers Portfolio” which 
is being addressed by Cheryl Paten in a separate paper and presentation at this conference. 
7.  United Nations Decade of Education in Sustainable Development (DESD) 
For all the reasons stated above, globally, Engineering Institutions29, Engineers30, the United 
Nations, UNESCO31, NGO’s32 and Universities are looking to provide professional 
training/curricula materials and courses to capacity build engineers to create a sustainable 
future. Further evidence of significant demand for engineering sustainable development 
capacity building materials is the fact that WFEO’s World Engineering Congress in Shanghai 
in late 2004 was on “Engineering a Sustainable Future”. Recently, Universities from around 
the world gathered to for their second conference to discuss Education for Sustainable 
Development (EESD2004), and are planning their third conference on curricula and cultural 
reform within the higher education system.  
Engineers Australia has made a significant response to address these challenges through a 
wide range of initiatives such as the advent of the President’s Taskforce on Sustainability 
initiated by 2003/04 President Doug Jones. Engineers Australia has produced a range of 
taskforce reports on the subject.33 Engineers Australia has been the host and great supporter 
of The Natural Edge Project. The Environmental Engineering College and the Environmental 
Engineering Society and its members have made collectively the most profound contribution 
to changing the engineering culture and addressing these issues in the engineering 
community nationally. 
8.  Responding to Agenda 21 and the UN DESD – The Natural Edge Project  
 
                                                 
29 Federation of Engineering Institutions of South-East Asia and the Pacific (FEISEAP) 
http://sunsite.anu.edu.au/feiseap/  
Institution of Engineers, Australia; Sustainability reports, 2001. http://www.ieaust.org.au/  
30 The next generation in the UK of engineers are demanding that their profession becomes more 
proactive on Sustainability. UK Forum for the Future's web site. 
http://www.forumforthefuture.org.uk/news/default.asp?id=247    
31 UNESCO Global Higher Education for Sustainability Partnerships (GHESP) 
32 http://www.acfonline.org.au/na/asp/pages/default.asp 
33 Engineers Australia has published “Towards a Sustainable Energy Future”: Setting the Directions 
and Framework for Change. August 2001.“Sustainable Energy Innovation in the Commercial Buildings 
Sector”, November 2001.“Sustainable Transport: Responding To the Challenges” November 1999 
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The Natural Edge Project (TNEP) (www.naturaledgeproject.net) is an ongoing, not-for-profit 
partnership driven by a group of young engineers and scientists based in Australia.  Hosted 
by Engineers Australia, the team receives mentoring and support nationally and 
internationally from a wide range of individuals and organisations, in business, government 
and in research. TNEP is focused on assisting nations to develop a natural advantage 
through a whole of society approach, to achieve sustainable genuine-progress34.  
 
The project is currently focused on delivering a significant publication from the “Engineering 
Sustainable Solutions Program: Critical Literacies for Engineers Portfolio with UNESCO, 
Engineers Australia and the Environmental Engineering Society. Cheryl Paten will discuss 
this in detail in her talk at the conference and in her paper. If you are interested in finding out 
more or wish to contribute as a co-author to this or future TNEP publications please contact 
Michael Smith at mike@naturaledgeproject.net or Cheryl at cheryl@naturaledgeproject.net  
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